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The northern Red Sea is a continental rift that has developed nearly to the point where seafloor spreading initiates.
We p-t new geophysical data from the northern Red Sea which bear on how the transition from continental rifting to seafloor spreading takes place.
Two distinct provinces within the "main trough" of the northern Red Sea in the area north of 26 o N latitude have be-en identified which are referred to here as the "marginal areas" and the "axial depression". The marginal areas form a series of bathymetric terraces that step down from the eastern and western shelves toward the central part of the Red Sea. Geophysical data indicate that the marginal areas are underlain by faulted and tilted basement blocks with structural characteristics similar to those observed at "sediment starved" passive margins. Seismic reflection profiles
show that recent deformation in the overlaying sediments of the marginal areas has been relatively widely spaced, episodic in places and, although the deformation continues to the present, it is generally decreasing with time.
The axial depression forms a continuous narrow zone of deeper water which is located near the center of the Red Sea except in the northernmost part where it shifts to the west in alignment with the entrance to the Gulf of Suez.
Sediments in the axial depression exhibit a more intense and closely spaced deformation which appears to continue in activity to the present. Seismic activity in the northern Red Sea south of the Gulf of Suez area is concentrated in the axial depression and heat flow profiles across the main trough show maximum values which occur consistently over the axial depression. These-observations indicate that the extension and tectonic activity which had previously been* distributed across the rift, are becoming local&d in the axial depression.
Three major cross-trending "accommcdation zones" partition the rift into fault block provinces along strike and serve to take up differential motion between blocks. Small "deeps" occur at various locations in the northern Red Sea.
In particular, a sties of these is associated with large isolated dipolar magnetic anomalies which appear to result from large intrusions. These intrusion-associated deeps occur at evenly spaced intervals in the axial depression, midway between sets of accommodation zones. This suggests that the accommodation zones may structurally control the emplacement of these intrusions and the formation of the associated deeps. These deeps appear to represent precursors to lo&ized seafloor spreading, such as occurs in the large "transition zone" deeps farther south in the central Red Sea. Irregular eroded escarpments face seaward from the uplifted basement rift shoulders that surround the Red Sea. The rift shoulders average between loo0 and 3000 m in elevation and expose PanAfrican age granitic, metamorphic and volcanic rocks which may have formed as a result of granitic plutonism (Stem et al., 1984) and accretion of exotic terrains including ophiolites (Stoeser and Camp, 1985) .
Introduction
The Red Sea occupies an elongate "main trough" that has depths ranging from several hundred meters to about 1200 m and in the south (from 15 o N to 20 ON), is bisected by a narrow (less than about 60 km) "axial trough" having depths up to about 2000 m. The main trough is generally surrounded by narrow marginal shelves and coastal plains. However, south of about 20"N on the eastern side and 17 O N on the western side, reefs and carbonate banks begin to widen and almost completely fill in the main trough. The Red Sea can be divided into three distinct areas with different morphologies and geophysical ch~acte~stics that have been interpreted (Cochran, 1983) as representing different stages in the evolution of the rift (Fig. 1) . These areas consist of a southern section (from 15' to about 2O'N) in which active seafloor spreading is occurring, a central transition zone (from 20" to about 23.5 * N) which contains isolated cells of seafloor spreading, and a northern section (from 23.5" to 28" N) which is currently in the late stages of continental rifting. (Roeser, 1975) . The main trough outside the axial trough has only low amplitude magnetic anomalies that appear to reflect a faulted and tilted basement structure (Co&ran, 1983) .
North of 20" N to about 23O30'N the axial trough becomes discontinuous forming a series of large deeps spaced at intervals of about 50 km. These deeps have lineated magnetic anomalies which indicate that organized seafloor spreading has been taking place for less than 2 m.y. (Bonatti et al., 1984) . The deeps are separated by intertrough zones that have continuous sedimentary sequences across them and low amplitude magnetic anomalies (Searle and Ross, 1975) indicating that seafloor spreading has not yet occurred there. The third zone, north of 23O30'N, has been interpreted (Co&ran, 1983) as representing late stage continental extension. The morphology of the northern Red Sea has the general form of a broad basin with shallow marginal areas stepping down toward a distinct zone of deeper water at about 1200 m referred to as the "axial depression" (Cochran et al., 1986) . With the possible exception of Mabahiss Deep located at 25 o 25'N (Pautot et al., 1986) , no center of organized seafloor spreading has been identified in this area and block faulting and salt deformation are the main forms of tectonic activity in this northern zone. Mabahiss Deep is a large deep with maximum depths of about 2000 m over which Pautot et al. (1986) have reported lineated magnetic anomalies. However, the deep has a flat bottom and lacks the characteristic morphology of an organized seafloor spreading center. Small isolated depressions generally referred to as deeps occur at various places in the northern Red Sea. Some of these deeps contain hot or cold brines and metalliferous sediments (Backer and Schoell, 1972) anomalies. These magnetic anomalies have been interpreted to result from the emplacement of isolated intrusions into stretched and thinned continental crust (Pautot et al., 1986; Co&ran, 1983; Co&ran et al., 1986) .
The purpose of this study is to describe the structure and presently active tectonics of the northern Red Sea and to relate them to the evolution of the transition from continental rifting to seafloor spreading.
Data acquisition
R/V "R.D. Conrad" made a detailed survey of the Red Sea north of 26" N in the summer of 1984. Data collected on that cruise forms the primary basis of this study (see Fig. 2 
for location).
A Loran-C chain in Saudi Arabia made it possible to obtain navigation fixes at one minute intervals for 73% of the survey, the remainder being navigated by dead reckoning tied to standard transit satellite fixes. The raw Loran positions were smoothed using a running average filter to remove the short period "jitter" and produce a smooth Eotvos correction for the gravity. Loran positions were compared with 303 transit satellite positions that were taken simultaneously and an average discrepancy of 317 m was determined. Based on a study (Talwani, 1970) that showed that repeat transit satellite fixes tend to cluster about the true geographic position, the Loran positions were shifted as a unit to remove the average discrepancy with the satellite fixes. Based on the standard deviation of satellite-Loran discrepancies the resulting navigation is estimated to have an absolute accuracy of better than 400 m. From the agreement of Sea Beam bathymetry contours at intersecting track lines taken several days apart, an internal precision of about 50 m is estimated.
The data collected included single channel water gun and air gun seismic reflection profiles, 3.5 and 12 kHz precision depth recordings, Sea Beam multibeam echo soundings, total intensity magnetics, gravity using a BGM-3 gravitimeter, nearly 200 temperature gradient measurements in three heat flow traverses across the Red Sea and ten piston core samples for thermal conductivity determination.
The underway gravity survey was conducted using a Bell Aerospace BGM-3 marine gravity meter system that was installed on the R/V "Robert D. Conrad" in 1984. The system consists of a vertical component forced feedback accelerometer that is not subject to cross coupling errors mounted on a gyro-stabilized platform. The performance of this system is described in detail by Bell and Watts (1986) . In the Red Sea, gravity data values were obtained at 1 min intervals with discrepancies at ship track intersections of less than about 1 mGa1 for the Loran-C navigated sections and not more than about 3 mGa1 in the worst cases. Data from previous cruises in the area were included in our contour map if discrepancies at intersections of individual ship tracks and the scatter of their discrepancies at intersections with our data was less than about 7 mGal. Those cruises satisfying the above criteria had their data adjusted by adding a constant to remove the average gravity discrepancy at intersections with our cruise.
Oil industry seismic reflection studies using 48 channel streamers with airgun sources and well data show the presence of a thick ubiquitous evaporite sequence underlying the main trough in the northern Red Sea (Barakat and Miller, 1984) .
Although the industry surveys had some success in imaging the bottom of the evaporite layer in places, in no case have they been able to resolve the underlying basement structure (P. Miller, pers. cormnun., 1986) . Our seismic survey of the area therefore emphasized the use of high frequency watergun seismic sources in an effort to resolve details of the deformation in the evaporites and overlaying sediments which record the latest tectonic activity. The use of waterguns and a single channel streamer also greatly simplified processing of the data since the sharp output pulse did not require deconvolution.
Underway Sea Beam data were acquired for most of the cruise. This system, which uses sixteen narrow 12kHz beams, produces swath contour strips in near real time which cover a width of about 80% of the water depth and have a relative accuracy of lo-15 m. This system proved to be extremely valuable even in relatively shallow water for defining trends and mapping small-scale features which otherwise could not have been identi- comes aligned with the Gulf of Suez (Fig. 4) .
The main trough and axial depression are underlain by sedimentary sequences that include a thick evaporite layer of Middle to Late Miocene age . The top of this evaporite layer has been drilled and correlated ) with a prominent seismic reflector referred to as reflector S (Phillips and Ross, 1970) . km offset in the coastline (Fig. 4) . The southern accommodation zone can be extrapolated onto shore where it coincides with cross faults that truncate and offset tilted basement blocks of the Red Sea hills (Greene, 1984; M. Richardson, pers. commun., 1982) . A similar pattern of tilted and faulted basement blocks cut by intervening cross faults has been mapped at several locations on land around the Red Sea (Schurmann, 1966; Garson and Km, 1976) . Fig. 7a) , where the axial depression is offset to the west, the heat flow high is also shifted to the west to be over it. Preliminary two-dimensional modeling of the effect of the topography and relief on the top surface of the more thermally conductive evaporites has shown (Hobart et al., 1985) that a significant amount of the scatter in the heat flow values can be attributed to these two causes.
Marginal areas
The marginal areas of the northern Red Sea vary from about 400 to 1100 m in depth. Narrow shelves surround the margins and average less than about 5 km in width on the western side but are generally wider than about 20 km on the eastern side. The marginal areas exhibit a variety of structures and styles of deformation. (Fig. 8b ) only about 1 km to the south, the graben has increased in width from 3 km to 3.5 km, deepened to 0.54 s and has become more symmetric. The layering of the sediments within this graben abruptly terminate against the walls of the graben in a manner which is distinct from the more gently onlapping configuration of the synforms associated with diapir growth, an example of which can be seen in the same profile ( Fig. 8a ) about 10 km east of the graben. Such synforms or " rim s ynclines" are known to be associated with diapirs and physical modeling (Lemon, 1985) and detailed facies studies (Seni and Jackson, 1983) indicate that they result in part from syndepositional processes that occur during diapir growth.
Profiles D through G are located between the northern and central acco~~a~on zones. Here the axial depression is more centrally located and the margins have a more symmetric appearance. Magnetic anomaly profiles across the rift are shown in Fig. 3 and a contour map of the anomalies in the northern Red Sea is shown in Fig. 12 .
The profiles show low amplitude long wavelength anomalies that generally become more negative toward the center of the main trough near the axial depression. The high amplitude shorter wavelength anomalies evident on some profiles (Fig. 3) can be seen on the contour map (Fig. 12) to result from localized dipolar anomalies. , 1986; Pautot et al., 1984 Pautot et al., , 1986 . Profiles of the free-air gravity anomaly field of the marginal areas are shown in Fig. 2 and the anomalies are contoured at 10 mGal intervals in 
KM
13. Section of Exxon multichannel seismic line ERS26 crossing a bathymetric edifice located approximately 10 km southw Brothers Islands (see Fig. 2 for location). This feature is associated with a large dipolar magnetic anomaly (see Fig. 12 ) -air gravity anomaly (see Fig. 5 ) and occurs at the intersection of the southern accommodation zone with the edge iymetric terrace. Barakat and Miller (1984) .
The bottom of the evaporites was the deepest reflector which they could resolve, although not continuously. The digitized horizons were converted from time to depth using constant velocities within layers that were consistent with nearby well data (Barakat and Miller, 1984) and previous refraction work (Drake and Girdler, 1964) . Typical densities (M. Steckler, pers. commun., 1986) Freeair Gravity Anomalies As can be seen, the calculated gravity effect from the stratigraphy is insufficient to account for the observed gravity anomalies. This suggests that the gravity pattern results primarily from large-scale relief on a deeper layer, which we infer to be tilted fault blocks of the basement. The basement structures of the marginal areas thus appear from the bathymetry and gravity data to be a series of tilted fault blocks 20 to 30 km across and roughly 60 km in length partitioned along strike by intervening accommodation zones. The pattern of bathymetric terraces thus appears to be a subdued expression of this basement structure.
Axial depression
The area which we refer to as the axial depression is a region of deeper water 1100 to 1300 m deep and generally from 10 to about 25 km wide. It forms a continuous zone that extends from and is aligned with the entrance to the Gulf of Suez in the north and about 50 km to the south of the Gulf becomes more centrally located and continues to the southern part of the survey area near 26 o N latitude. Knott et al. (1965) describe "a deep axial zone of rugged floor and intense sub-bottom deformation and shallower marginal zones of more gentle topography and milder deformation, which bound the axial zone to the east and west" in the northem Red Sea. They also noted that there were abrupt transitions from the "marginal zones" to the "axial zones" in places which appear on their seismic profiles as escarpments that offset not only the seafloor but also reflector S by several hundred meters. Their "axial zone", however, includes an area that is somewhat wider than the "axial depression" described here.
Our seismic lines (Figs. 9 and 15) reveal that short wavelength folding and faulting is prevalent in the axial depression. The seismic lines in Fig. 15 show that reflector S appears folded and faulted in the axial depression but layers above S are more conformable with S in the axial depression (Fig. 9) . Diapiric structures are sometimes found on the marginal side of these escarpments (see Fig. 8a ). Daggett et al. (1986) , using a local network in Egypt, report a total of five earthquakes occurring in the Red Sea median zone north of 25"45'N, which they tentatively interpret as defining an active tectonic zone. These earthquakes all occur within the axial depression. Their data and published International Seismologic Centre.(ISC) data record almost no earthquake activity in the marginal areas of the northern Red Sea away from the Gulf of Suez area except for a cluster of microearthquake activity on land in Egypt. In 1982, a magnitude 4.8 earthquake occurred in the axial depression at 26.8O N, 34.82"E (ISC, 1982) near the central accommodation zone. Daggett et al. (1986) report a 1980 earthquake with a magnitude between 2 and 3 at about the same location. The pattern of seismicity is consistent with our seismic profiles and other data which indicate more intense deformation in the axial depression suggesting that it is an active tectonic zone and that the marginal areas are comparatively less active.
Recently a series of small deeps have been identified in the axial depression of the northern Red Sea (Pautot, 1983; Pautot et al., 1984 Pautot et al., , 1986 Co&ran et al., 1986) . These deeps are generally 150 to 200 m deeper than the surrounding floor of the axial depression which is at 1200 to 1300 m, are several tens of square kilometers in area and have a variety of shapes and orientations. Some of these deeps are associated with large dipolar magnetic anomalies. The two most studied are Shaban (or Jean Charcot) Deep and Conrad Deep. Shaban Deep has a large dipolar magnetic anomaly, brine layers, and a ridge in its center from which a basalt fragment has been recovered (Pautot et al., 1984) . Conrad Deep has two dipolar magnetic anomalies associated with it and an extremely variable heat flow indicating active hydrothermal circulation (Co&ran et al., 1986) . Evidence indicates that both deeps result from recent intrusions.
In addition, an unnamed deep located in the axial depression at 26 o 36'N, 34 o 04'E can be identified on Sea Beam data presented by Pautot et al. (1986) . This deep has a floor at somewhat greater depth than 1500 m. Combining our magnetic data with that presented by Pautot et al. (1986) in this region indicates that the unnamed deep is associated with a pair of dipolar anomalies (Fig. 12) located near the bathymetric edges of the axial depression (Fig. 4) in a manner similar to that of the anomalies observed surrounding Conrad Deep.
In addition to being located in the axial depression, these three deeps are spaced at a separation of from 50 to 60 km from each other and each is situated midway between sets of accommodation zones. Other isolated depressions which can be identified in our bathymetric map (Fig. 4) and in data presented by Pautot et al. (1986) appear not to be associated with magnetic anomalies suggesting that they are not related to intrusions.
Northern termination of the axial depression aud juncture with the Gulf of Suez and the Gulf of Aqaba
The axial depression is offset across the northem accommodation zone so that to the north it is located roughly 50 km from the African coast but more than 110 km from the Arabian coast. South of the accommodation zone the axial depression is more centrally located, generally occurring between 80 and 100 km from the African coast and between 90 and 100 km for the Arabian coast. The shift of the axial depression toward the west, north of the accommodation zone, places it in alignment with the mouth of the Gulf of Suez.
No deep clearly associated with intrusions has been located in this northern segment of the axial depression. An oval shaped depression about 1500 m deep is apparent on both our data and that of Pautot et al. (1986) near 27"18'N, 34"22'E, but it is not associated with a magnetic anomaly. (Mart and Hall, 1984; Mart and Rabinowitz, 1986) . However, our data and the interpretation of seismic reflection data by Uchupi and Ross (1986) indicate that these features may not be as continuous as Mart and Hall (1984) and Mart and Rabinowitz (1986) suggest. Our seismic reflection data suggests that many of the "rifts" identified by Mart and Hall (1984) and Mart and Rabinowitz (1986) may actually be "rim synclines" related to the evolution of the diapirs. In addition, the main bathymetric pattern and free-air anomaly pattern (Figs. 4 and 5) continue the north-northwest, rift-parallel trend and do not show evidence of the progressive change in trend described by Mart and Hall (1984) and Mart and Rabinowitz (1986) . A few elongate bathymetric highs and lows with trends varying from NNE-SSW to NE-SW are present near the deeps in the axial depression but these are small features with limited continuity.
The axial depression is terminated in the north by a NNE-trending high extending from Shadwan Island toward the southwestern margin of Sinai.
This high forms the edge of a half graben structure with beds having a component of dip to the northwest and has been interpreted as overlaying a tilted block (Pautot et al., 1986) 
Discussion
The northern Red Sea is a continental rift that has developed nearly to a point of initiation of seafloor spreading. Two distinct provinces having different structural and geophysical characteristics have been identified within the "main trough" of the northern Red Sea which we refer to as the "marginal areas" and the "axial depression". The geophysical data imply that the marginal areas are underlain by faulted and tilted basement blocks which have considerable along strike continuity with major ter~nations occurring, however, along cross cutting "a~o~~ation zones" that serve to take up differential displacements between sets of fault blocks. The accommodation zones are spaced roughly 60 km apart and are oriented approximately perpendicular to the main trend of the rift and to individual fault blocks. This basement structure is very similar to that observed at sediment starved margins, such as in the Bay of Biscay (Montadert et al., 1979) , so that it appears that the basement structure of the marginal areas of the northern Red Sea is typical of that associated with "Atlantic type" passive margins. With due caution therefore, a model for the development of the northern Red Sea and the transition from continental rifting to seafloor spreading may be applicable to the development of older passive margins elsewhere, in particular to those known to 25 have had an extended rifting phase. Extension rates in the northern Red Sea are slow (0.9 cm/yr total rate) compared to most areas of seafloor spreading. However, the extended periods of rifting observed at many Atlantic type margins (Jansa et al., 1980; Cande and Mutter, 1982) These observations suggest that extension and the tectonic activity that had previously been distributed across the entire rift is now becoming concentrated in the axial depression and that the in the axial depression. This coincidence is not necessarily predicted by "simple shear" or "detachment" models (Wernicke and Burchfiel, 1982; Wernecke, 1985; Lister et al., 1986 ) for extension at continental margins. This question isconsidered in greater detail in Buck et al. (1988) .
A well developed axial trough associated with a rough volcanic basement and high amplitude lineated magnetic anomalies exists in the southern
Red Sea between 15" N and 20"N. GLORIA sidescan sonar data (Garfunkel et al., 1987) shows that the floor of the axial trough contains many straight, sub-parallel faults that trend in the direction of the axis, a pattern closely resembling that of other slow spreading mid-ocean ridges (Searle and Laughton, 1981) . The GLORIA data show that the spreading center is made up of straight segments 30-50 km long that are offset laterally by 3-10 km across non-transform "relay zones", where the faults locally change strike and the magnetic anomalies are irregular (Garfunkel et al., 1987) . Both the magnetic anomalies and the ridge parallel faults extend farther from the axis midway between the relay zones suggesting that spreading initiated in the middle and propagated along strike to eventually coalesce into a single spreading axis (Bonatti, 1985) . North of 20"N in the Red Sea "transition zone" (see Fig. l suggested by the models of Courtillot (1982) and Courtillot and Vink (1983) , nor as observed in oceanic settings (Hey, 1977; Hey and Wilson, 1982) . Rather than prolongation of an individual spreading axis, rift propagation is occurring by the establishment of a series of isolated nucleation points which develop as separate seafloor spreading cells that eventually coalesce into a single axis.
This observation along with the fairly regular spacing of the nucleation points led Bonatti (1985) to propose a model of "punctiform" initiation of seafloor spreading which he considered to be controlled by a viscosity-density inversion in the underlying asthenosphere resulting in periodically spaced upwellings. This mechanism has also been proposed (Crane, 1985) to explain periodic domal highs that occur in the East Pacific Rise (Macdonald et al., 1984) . However, the structural pattern observed in the northern Red Sea suggests that the location of the deeps may be related to and perhaps determined by the pattern of crustal faulting established at the very beginning of rifting. Thus if the nucleation points are due to convective upwellings, the geometry of the convection is being forced by the pre-existing cross features.
Studies of rifts in less advanced stages of development than the northern Red Sea show periodic structures that form early in the development of the rift. Work from the East African rifts indicated that the first stages of extension are characterized by the formation of a main listric normal fault that may curve in plan view (Bosworth et al., 1986) . The main normal fault defines an asymmetric half graben geometry within which subsidiary normal faults break up the basement into a series of synthetically faulted blocks. Along strike of the rift another main boundary fault may form which delimits a new set of fault blocks. The main boundary fault and associated fault blocks may have an opposite sense of dip from the previous set and may overlap the adjacent boundary fault to form a complex geometry (Burgess et al., 1987; Rosendahl, 1987) . A set of cross-trending normal faults forming an accommodation zone serves to bound the fault block provinces and to take up differential motion between the blocks. The East African rift lakes have accommodation zone spacings that are similar to those observed in the northern Red Sea. Typical spacings of 60 km have been reported for Lake Malawi (Ebinger et al., 1984) and 40 km for Lake Tanganyika (Burgess et al., in press ). The pattern of asymmetric halfgraben fault block provinces separated by accommodation zones observed in East Africa is also well developed in the Gulf of Suez. Three dip provinces have been identified in the Gulf of Suez (Moustafa, 1976) in each of which synthetic normal faults step down across the basin giving it a highly asymmetric cross section (Steckler, 1985) .
The dip provinces are separated by complexly faulted accommodation zones. These accommodation zones are oriented both oblique to the main boundary fault as is the more frequent case in the East African Rift (Bosworth et al., 1986 ) and orthogonal to the boundary faults (M. Steckler, pers. commun., 1986) .
The Gulf of Suez appears to have developed as part of the early rifting in the northern Red Sea prior to the development of transform motion through the Gulf of Aqaba (Heybroek, 1965; Steckler and Ten Brink, 1986) in the mid-Miocene.
Crustal extension in the central Gulf of Suez has been estimated to amount to 25-27 km (Steckler, 1985) , while in the northern Red Sea extension may amount to 135 km (Cochran, 1983 ) about a factor of five greater than in the Gulf of Suez.
However, at some point between the stage represented by the Gulf of Suez and the late stage rifting of the northern Red Sea, the rift lost the asymmetric half graben nature characteristic of the early stages of rifting and develops a more symmetric profile. This may very well happen through the development of antithetic faults in what has been termed the "rollover" (Gibbs, 1983 (Gibbs, , 1984 ) (i.e. the hanging wall).
The spacing of the accommodation zones in the northern Red Sea is similar to that observed in the Gulf of Suez and in the East African rifts. It appears that these features which form early in the rifting history in response to the mechanical and geometric constraints of list& faulting continue to influence the development of the rifting through the development of a mid-ocean ridge. to be controlled by periodically spaced gravitational instability behavior of the underlying asthenosphere (Whitehead et al., 1984; Crane, 1985; Bonatti, 1985) . Recent studies (Buck, 1986; Steckler, 1985) have shown that small-scale convection can be induced by the geometry of the rift itself. This suggests that the segmentation of the rift by the accommodation zones may serve to control the location of the upwellings and establish the sites of initial emplacement of the large intrusions observed in the axial depression of the northern Red Sea.
Summary and conclusions
(1) Continental rifting in the northern Red Sea has progressed nearly to the point of initiation of seafloor spreading and has resulted in the formation of two morphologically and geophysically distinct provinces within the main trough which are referred to here as the marginal areas and the axial depression.
(2) The marginal areas form a series of bathymetric terraces that step down from the coastal shelves toward the center of the sea. A pattern of elongate free-air gravity highs and lows trends sub-parallel to the rift and has locally high values that occur consistently over the edges of the bathymetric terraces. Magnetic anomalies are gen-erally characterized by low amplitudes and long wavelengths with a few isolated dipolar anomalies.
However, lineated seafloor spreading type anomalies are totally absent. The geophysical data imply an underlying basement structure that is composed of tilted basement fault blocks similar to that observed at sediment starved passive margins.
Seismic reflection profiles across the marginal areas show that deformation in the sediments has been dominated by diapirism stemming from a thick evaporite layer that underlies the entire area and by relatively widely spaced faulting. Deformation within these sediments generally decreases upwards indicating an overall lessening of tectonic activity in the marginal areas and in many places discordant packets of sediments suggest episodic activity.
The pattern of gravity highs and bathymetric terraces are offset or terminated along strike across three systematic boundaries that trend perpendicular to the rift and are spaced 50 to 70 km apart.
These boundaries form narrow sinuous clefts in places on the seafloor and can be traced onto shore where they form cross faults that displace basement fault blocks. We interpret these boundaries as accommodation zones which serve to take up differential displacements along strike between sets of basement blocks. Sea also appears to be concentrated in the axial depression.
Small deeps associated with large dipolar magnetic anomalies which appear to result from isolated intrusions are found at periodic intervals in the axial depression midway between sets of accommodation zones. These "northern Red Sea" deeps appear to represent an earlier stage of the larger "transition zone" deeps of the central Red Sea which form isolated centers of seafloor spreading.
(4) A model for the development of an "atlantic type" passive margin appears to follow a sequence of well characterized stages exemplified in the Red Sea Rift system (Fig. 17) .
The first stage involves the formation of an asymmetric half-graben geometry containing synthetically faulted blocks. Accommodation zones form at this early stage (Ebinger et al., 1984; Bosworth et al., 1986) possibly controlled by various factors including initial curvature of the main boundary fault and mechanical and strength limitations on very long fault blocks. The Gulf of Suez, which developed concurrently with the early rifting in the northern Red Sea, appears to have been arrested at this stage by the development of transform motion through the Gulf of Aqaba.
A second stage develops as the extension progresses and antithetic faults become mechanically favorable in the hanging wall (Gibbs, 1983) resulting in a more symmetric rift profile. Extension is distributed across the entire rift at this stage but motion is probably episodic on individual faults leading to periodic activation of diapirism and the formation of the discordant packets of sediments that are observed associated with the diapirs on the marginal areas of the northern Red Sea. 
